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We have compared the morphology of the anterior ventricular chambers in 48 examples of tricuspid atresia (absent right atrioventricular connection), 24 hearts with double inlet to the left ventricular chamber, and 15 hearts with pulmonary atresia and intact ventricular septum. Since there is further disagreement concerning the nature of the coronary artery which delimits the posterior extent of the ventricular septum in these hearts, we analysed the position of this vessel relative to external reference points on the atrioventricular junction.
No significant difference was found with respect to the morphometry ofhearts with tricuspid atresia (absent right atrioventricular connection) and those with double inlet. In both groups, however, significant differences were shown between hearts with ventriculoarterial concordance and discordance. Coronary artery disposition was the same in both groups and different from that found in hearts with pulmonary atresia and intact septum. We conclude that the ventricular morphology is comparable in hearts with tricuspid atresia (absent right atrioventricular connection) and those with double inlet to a left ventricular chamber. The lesions are distinguishable by their atrioventricular connection which is nevertheless univentricular in both.
There is fundamental disagreement concerning the morphology of the commonest variant of tricuspid atresia that is pertinent to its clinical diagnosis. On the one hand, it has been suggested that hearts which clinicians call tricuspid atresia can, in morphological terms, be grouped along with pulmonary atresia and intact ventricular septum. ' 4 have interpreted the usual form of tricuspid atresia in terms of an imperforate membrane placed between the right atrium and the hypoplastic right ventricle. On the other hand, our experience5 6 and that of others,7 have suggested that classical tricuspid atresia is the result not of an imperforate membrane but of absence of the right atrioventricular connection. More recent echocardiographic experience has borne out this contention.8 9 These latter studies show that the morphology in these cases is more akin to that found in hearts with double inlet to a left ventricular chamber, hearts that are generally accepted to be "single ventricles" 10 11 despite the fact that they possess two, chambers within the ventricular mass. Still others'2 who have recognised absence of the right atrioventricular connection in some cases of tricuspid atresia have argued that the ventricular morphology differs from that found in hearts with double inlet to a left ventricular chamber because of the coronary artery distribution. Their view is shared by Bharati and Lev2 but is contrary to our observations.'3 The resolution of this controversy rests in the nature of the right ventricular chamber in the commonest type of tricuspid atresia and in the morphology of the coronary arteries which delineate it. We have therefore studied these features in a group of hearts having the typical morphology of tricuspid atresia and compared the results with those obtained from examination of the right ventricular chamber in "pulmonary atresia with intact septum" and the so-called outlet chamber in "single ventricle". 10 was measured from its apex to the attachment of its arterial valve (Fig. 1) . The coronary arteries and their branches were dissected and their pattern recorded. We were particularly concerned to establish if descending coronary arteries marked the site of the septum between the ventricular chambers. Where such delimiting branches were found, their site of descent was recorded relative to the landmarks of the atrioventricular junction, namely the obtuse and acute points of the junction and the crux, the latter being the point at which the atrial septum joined the atrioventricular junction. When a delimiting artery was found at the acute point, we then searched for any additional arteries descending at the crux or along the posterior margin of the ventricular mass, between the acute point and the crux.
The data were punched on to cards. Cross tabulation and analysis of variance were carried out using the Statistical package for the social sciences'4 run on a CDC 6600 computer at the University of London Computer Centre.
Results
The sequential segmental features of the hearts with classical tricuspid atresia and double inlet to a chamber of left ventricular type are shown in Tables 1 to 3 . There was atrial situs solitus in all hearts except in five with double inlet, four of which had right atrial isomerism'5 and one situs inversus.
VENTRICULAR MORPHOLOGY
All the hearts with pulmonary atresia with intact ventricular septum had morphologically right ventricular chambers which possessed inlet, trabecular, and outlet portions. In all hearts the outlet portion was blindending, the trabecular and inlet portions were hypoplastic to varying degrees, but the inlet part of the ventricular septum extended to the crux and was aligned with the atrial septum (Fig. 2) . In contrast, the anterior ventricular chambers in the hearts with absent right atrioventricular connection and in those with double inlet lacked inlet portions. All possessed trabecular components that were unequivocally of right Right ventricular morphology in tnicuspid atresia ventricular type, and were separated from the left ventricular chamber by a septum that did not extend to the crux and that was grossly malaligned relative to the atrial septum ( Fig. 3 and 4) . The trabecular components of right ventricular morphology were hypoplastic to a varying degree and possessed none, one, or both outlet portions depending on the ventriculoarterial connection (see Tables I to 3 ). Table 4 summarises the results of the measurements made on the right ventricular chambers in the absent right atrioventricular connection (tricuspid atresia) and in the double inlet (single ventricle) groups. Two way analysis of variance showed a significant effect of the ventriculoarterial connection both on the ratio between the lengths of the morphologically right and left ventricular chambers (p<0025) and the ratio of distances from the apex of the morphologically right ventricular chamber to the interventricular communication, and from the interventricular defect to the arterial valve (p<0005). Hearts with ventriculoarterial concordance had relatively longer right ventricular chambers (Fig.  4) , with the interventricular communication relatively nearer the apex (Fig. 3) . In contrast, the atrioventricular connection present did not significantly affect the morphologically right ventricular dimensions (p=0-6 and 0-2, respectively), nor were there any significant two way interactions.
CORONARY ARTERY DISTRIBUTION
The distribution of the coronary arteries in the hearts is shown in Table 5 . In the majority of hearts studied, the morphologically right ventricular chamber was delimited by coronary arteries.
In 14 (93%) of the hearts with pulmonary atresia with intact ventricular septum, the artery which delimited the posterior extent of the ventricular septum descended at the crux. In contrast, in the group of hearts with absent right atrioventricular connection (tricuspid atresia) and in those with double inlet atrioventricular connection, the artery delimiting the posterior extent of the septum descended at the acute margin of the ventricular mass, and not at the crux (Fig. 5) For interpretation of A, B, C, D, see Fig. 1 . n =number in each subgroup. Fig. 4 Right ventricular chambers in hearts in which the right ventricle gave origin to the aorta. Note the remarkable similaity between the two. Note also that the overaU length of the chamber is relatively less than in patients with normally connected great areries (Fig. 3) , and that the outlet foramen is relatively closer to the semilunar valve. (a) A heart with double inlet to the left ventricle. (b) From a heart in which there was absence of the right atrioventricular connection.
Crux rrery between there and the crux ofthe heart, which is to the left ofthe inferior vena cava (IVC).
portion and lack an atrioventricular connection. The anterior chambers in both these groups possess a trabecular component of unequivocally right ventricular pattern and their dimensions are statistically indistinguishable. As a corollary to these findings, the ventricular septum in pulmonary atresia extends to the crux whereas the septum in the other two groups does not. It is this septal morphology which determines the disposition of the delimiting coronary arteries. The posterior delimiting artery in pulmonary atresia descends at the crux whereas the posterior delimiting artery in the other two groups does not. Thus, in terms of ventricular morphology, hearts conforming to the typical variant of tricuspid atresia, which have absent right atrioventricular connection along with the left atrium connected to a left ventricular chamber, must be considered and interpreted along with double inlet to a left ventricular chamber (that is the classical single ventricle). They should not be grouped along with the pulmonary atresia and intact septum group, since these hearts have atrioventricular concordance and hypoplastic, but normally constituted, right ventricles. These considerations are not merely of academic interest because logical and accurate classification of complex congenital heart lesions is necessary for correct diagnosis and treatment. The essential anatomical feature of echocardiographic interest in hearts with tricuspid atresia is that usually the septum does not extend to the crux. The morphologically right ventricular chamber, as in double inlet to a left ventricular chamber single ventricle), has no connection with the atrial chambers.8 9 The cavity of the right atrium may overlie the rudimentary right ventricle, and echocardiographically appear to be in potential communication with that of the right ventricular chamber.34 Only knowledge of the Right AV Orifice Septal junction 491 morphology, as here described, permits realisation8 9 that the right atrium and the morphologically right ventricular chamber are, in fact, separated by atrioventricular sulcus tissue and not by an imperforate atretic valve (Fig. 7) . Rare cases which, in clinical terms, would be diagnosed as having "tricuspid atresia", do exist with atrioventricular concordance and an imperforate right valve (Fig. 7) ,5 10 The anatomical features of diagnostic significance discussed above may well have been obscured previously by controversies concerning the "singleness" of the ventricular mass.2 57 There is no doubt that the majority of cases termed "single ventricle" possess two chambers within their ventricular mass.8 9 18 In this respect "single ventricle" as a term is supported by habit rather than morphological accuracy. Habit will undoubtedly dictate that the term "single ventricle" will persist, as will "tricuspid atresia". It must therefore be appreciated that hearts of grossly diverse morphology are included within the term "tricuspid atresia". None the less, the greater majority of the hearts making up "tricuspid atresia" are indistinguishable from classical "single ventricle and outlet chamber" in terms of ventricular morphology and distinguished only by the atrioventricular connection. The atrioventricular connection, however, is truly univentricular in both these groups. It is this univentricular atrioventricular connection that distinguishes the commonest variant of tricuspid atresia from the rarer hearts with imperforate tricuspid valves and those others with pulmonary atresia and intact ventricular 
